36936000008081 



/ 




SUMMARY 
REPORT ON 
WATER POLLUTION 
FROM THE 

URANIUM MINING INDUSTRY 
IN ONTAPJO 



1970 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown copyright 
(unless otherwise indicated), which is held by the Queen’s Printer for Ontario. 

It may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen’s Printer for Ontario. 

For information on reproducing Government of Ontario works, please contact 
ServiceOntario Publications at copyright® Ontario. ca 



TABLE OF CONTENTS 



PAGE NO . 



FOREWORD 

INTRODUCTION AND BACKGROUND 

PURPOSE AND SCOPE 

SUMMARY OF FINDINGS AND 
RECOMMENDATIONS 

Summary of Findings 

1 Elliot Lake Ai'ea - Serpent River Watershed 

1.1 Water Uses 

1.2 Mill Surveys 

1.3 Environmental Studies 

a) Radiological Water Quality 
h) Chemical Water Quality 

c) Sediments 

d) Biological Condition 

2 Bancroft Area - Eels Creek - Crowe River Basin 

.2.1 , Water Uses 

.2.2 Mill Surveys 

.2.3 Environmental Studies 

a) Radiological Water Quality 

b) Chemical Water Quality 

c) Sediments 

d) Biological Condition 

3 Water Quality Standards 
Recommendations 

REFERENCES 



LIST OF TABLES 



TABLE NOc 

1 Su :i.f-vary of Uranium Mining 

Operations in Ontario 



** PAGE NOo 



2 



Waste loadings inj the Serpent 
River Basin 



3 Water Quality Standards for the 

Serpent River and Crowe- Ee|?ls 
Creek Basin 



LIST OF FIGURES 

FIGURE NOo 

1 Locations of Mines in the Elliot 
Lake Area 

j 

2 Locations of Mines in the Bancroft 

Area 

3 Relationship Between Radium-226 

Concentrations and Distance in the 
Serpent River Watershed 

. 4 Relationship Between Gross Alpha 

Activity and Distance in the 

Serpent River Watershed 

5 Relationship Between Gross Beta 

Activity and Distance in the 

Serpent River Watershed 

6 Relationship Between Dissolved 

Solids Concentrations and Distance 
in the Serpent River Watershed 

7 Relationship Between Sulphate 

Concentrations and Distance in the 
Serpent River Watershed 



FIGURE NO. 



PAGE NO . 






8 



9 

10 

11 



u Lionship Between Total Nitrogen C^on- 
contrations and Distance in the Serpent 
River Watershed 

Relationship Between Hardness and Distance 
in the Serpent River Watershed 

Relationship Between Radium- 226 in Sediments 
and Distance in the Serpent River Watershed 

Relationship Between Gross Radioactivity in 
Sediments and Distance in the Serpent River 
Watershed 








FOREWORD 



This repori. n. osents the findings of a three year study on 
pollution from the ut anium mining and milling industry in Ontario. 

The study was made in keeping with the following recommendation 
which was presented in a report (1) by the Committee of Deputy 
Ministers on November 24, 1965. 

"A detailed investigation of watercourses and 
waste disposal in both the Elliot Lake and Bancroft 
areas should be undertaken by the Province, and the 
present program of monitoring and analysis of mine and 
mill wastes, surface waters and drinking supplies be 
expanded and extended on a long term continuing 
basis" . 

y 

The program, which was started in May 1966 and concluded 
in June 1969, was conducted by the OWRC with the co-operation of the 
Radiation Protection Service of the Ontario Department of Health. The 
three year survey period was used to obtain a complete evaluation of the 
problem including effects of seasonal variation in the water quality and 
related physical and biological conditions. An interim report (2), which 
was published in 1967, presented the status of the program to that time. 
This summary report presents the overall findings and recommendations 
based on the entire study . - 




: 'DUCTION AND BACKGROUND 



The uraniiM i gaining industry in Ontario commenced in 1953 
when a large body of uranium- bearing ore was discovered in the 
Serpent River basin in the Algoma District of Ontario. Owing to the 
high demand for uranium at that time, these deposits were developed 
rapidly, and by 1957 eleven mines were operating in the area. Since 
then, a severe cut- back in the world demand for uranium has reduced 
the number of mines and in 1966 only five were operating. From 1966 
to 1969, only two of these used conventional methods, while two others 
used bacterial leaching for recovery of uranium. The fifth operation 
processed copper ore from another mine in the vicinity. Similar rapid 
growth and decline occurred in the Bancroft area where three mines 
operated between 1956 and 1964, but at the present time, all are 
inactive. The dates of operation and capaci-yr of the uranium mines 
in Ontario are summarized in Table 1. The locations of the mine sites 
in'relation to the watersheds for Elliot Lake and Bancroft are shown 
in Figures 1 and 2 respectively . 

The OWRC commenced its surveillance over the waste control 
operations in 1957. Initially, attention was paid to the physical 
containment of the solid tailings wastes and examination of the 
receiving waters for chemical pollution. Investigation into possible 
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radioactive contt on of drinking water supplies was started by 

the Ontario Depar- t of Health in May, 1958 . At that time, sampling 
was limited to drinkiag waters at each mine on a monthly basis and 
overflows from tailings areas on a quarterly basis. In September 1958, 



the sampling program was expanded to include municipal, water supplies, 
underground mine water anc^Serpent River at Highway 17. The results 
of these surveillance programs which were continued until closing of 



each mine, were summarized in the Deputy Minister's Report (1). 



In 1961, general sampling surveys in the Elliot Lake and 



Bancroft areas showed low Ra-226 concentrations in lakes which were 



not directly affected by the tailing' s effluents. Following these, a 
special reconnaissance survey (3) of the Serpent River basin in 1963 
Indicated detrimental effects on the aquatic biota in some of the lakes 
and Ra-226 levels in excess of the existing drinking water objectives. 
The allowable concentration o,* reduced by about 

a factor of 4 in 1962 (4) and this made the previously acceptable levels 
in some lakes a cause for concern since they exceeded the new limiL . 
Public concern reached a peak in 1964, at which time a Committee of 
Deputy Ministers was formed to assess the problems in detail. 

The Deputy Minister's Committee completed its investigation 
and in 1965 published its report which recommended the undertaking of 



this three year study. 




PURPOSE AND SCOP E ' 

This study established to define the nature, extent and 
effects of waste disc riarges from the uranium mining and milling 
industry in Ontario, encompassing all segments of the aquatic environ- 

o/A'A'.- c Ci Lj. V 

ment including'''^'^-'^ , aquatic biota and bottom sediments. It is hoped 
that a thorough understanding of the problem will lead to the implementation 
of the necessary measures by the industry and pollution control agencies 
to correct the problems at existing mines, as well as prevent their 
occurrence at future uranium mining operations in the province. 




TABLE 1 



SUMMARY O . u R/\NIUM MINING OPEMTIONS IN ONTARIO 
Name of Mine Capacity tons/day Operating Period 

Rio Algom Mines Limited 



- Nordic Lake Division 


3,700 


January 1957-July 1968 
(conventional) 

August 1968-July 1970 
(bacterial leaching) 


- Quirke Lake Division 


4,500 


September 1956-February 1961 
August 1968 (reactivated) 


- Lacnor Division 


4,500 


September 1957-July 1960 


- Panel Division 


3,500 


February 1958-June 1961 


- Milliken Division 


3,000 


April 1958-June 1964 


- Stanleigh Division 


3,000 


March 1958-January 1960 


- Spanish American Division 


2,000 


May 1958-February 1959 


- Pronto Division 


1,500 


September 1955-April 1960 


Denison Mines Limited 






- Denison Mine ; 


6,000 


May 1957 - 


- Can- Met Exploration 


3,000 


March 1958-March 1960 


Division 






Stanrock Uranium Mines Limited 


3,000 


March 1958-November 1964 


/ 




(conventional) 
December 1964 - 1970 
(bacterial leaching) 


Macassa Gold Mines Limited 






- Bicroft Division 


1,500 


November 1956-May 1963 


Canadian Dyno Mines Limited 






- Dyno Division 


1,500 


May 1958-March 1960 


Metal Mines Limited 




• 


- Faraday Division 


1,500 


April 1957-June 1964 




SUM MAI i IN DINGS k 

: 

1. Elliot Are ^! Serpent River Watershed 

1 . 1 Water Uses 

Lakes and streams in the Serpent River basin are used for 
recreation, water supply for industrial and domestic uses and dis- 
posal of wastes from the mining industry. The land in the basin is 
little suited for farming or agriculture and uses such as, cattle 
watering or irrigation were not found. 

The disposal of mine wastes has caused extensive water 
quality impairment resulting in serious wata: use conflicts within 
this basin. For example, potential tourist industry a»4~4mtk4rrg 
use ef-the-w-atepshed for municipal or domestic water supply 
have been seriously reduced. 




// At the present time, approximately 80 homes use water which 

falls to meet the OWRC drinking water of 3 pCi/1 for- 

Ra-226. Although the Ra-226 levels exceed the ^ it is 

believed that the intake of Ra-226 from other sources, such as food 
and air, is not significant. Therefore, the total intake is not 

iH ,t.rr<Scf ^ -r«C 

expected to oxc e ed tho -i- ntal ic levels recommended ’ , 



. Since it take several years 



before the Ra-226 levels decrease below 3 pCi/1, 
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cL/diz rmect c T O '7'« va. 
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Department of Hv . > shoulc^ continue 
to ensure^he total intake^ radioactivity\is acceptable. 






p. .ui 
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1 . 2 Mill Surveys 

The investigations showed that during the survey period, 
the discharges from Denison, Stanrock and Rio Algom's Milliken- 
Stanleigh tailings areas provided about 80 to 85% of the total 
input of radioactivity into the Serpent River basin. Breakdown 
of the waste loadings from ■various wa-ste sources is presented 
in Table 2. In terms of Ra-226, Rio Algom Milliken-Stanleigh 
and Denison were the largest sources and accounted for 56 per 
cent and 25 per cent of the total respectively. Data collected 
after the completion of the Stollery Lake dam indicate that the 
loading from Denison has been greatly reduced and the 
Jip/j concentration in the Stollery Lake overflow to the 
Serpent River now meets the OWRC Drinking Water Standard 
of 3 plcocuries per litre (pCi/l). 

The Ra-226 concentrations in the discharges from the 
abandoned Rio Algom Lacnor and Spanish American tailings 
areas were also significant bu t t oou u-n£s ' ' 

are small, and combine with effluents from other 



tailings areas which are treated with barium chloride prior to 
discharge to the Serpent River system. 



Barium c : • treatment v/as found to be ver}^» effective for 

radium removal. ’ 7 the summer of 1969 all operating mines were 
using this techni'.; ■ • However, since th^precipitate formed by 
the treatment r /e . a serious long term hazard to the environ- 
ment, measures must be taken during the operation of the mines to 
ensure that precipitate n- not released to the environment 

during the operation or after the closing of the mines. 

The main sources of gross radioactivity were Stanrock, 



Denison and Milliken-Stanleigh which combined, accounted for 
about ^ per cent of the total ^Ipha and beta loadings 

respectively^ The high gross radioactivity in the wastes is due to 
presence of other radionuclides such as. Thorium 232 and 234, 
Uranium 238, and other members of the uranium- thorium families. 

Based on the average annual loadings for the study period, the 
major inputs into the Serpent River basin of dissolved solids, sulphate 
and nitrogen in decreasing order of magnitude were provided by the 
following mines; - Denison, Rio Algom Nordic, Rio Algom Quirke (after 
•reactivation), Stanrock, and Rio Algom Milliken-Stanleigh (abandoned) 
After the change-over to bacterial leaching in 1968, the loadings from 
the Nordic operation decreased considerably. 



The >gs from each of the tailings areas varied 

widely with sea- 1 no consistent patterns could be detected 

except that the h ioadings seemed to occur during high flow 
periods. 

In addition to the above parameters, toxic pollutants such 
as heavy metals and rare earth elements, were discharged from the 
tailings areas. Details on these are provided in the individual 
reports (5) (6) (7) on the various mining operations. 

The most serious problem in the Elliot Lake area is the low pH 

of the tailings effluent and its effect on receiving waters. The low pH 

is caused by the oxidation of sulphides contained in mill wastes and is 

most prevalent in the unneutralized effluents from abandoned or inactive 

tailings areas. For example, pH values ranging from 1.8 to 3 were 

/ 

measured at Stanrock, Rio Algom Milliken-Stanleigh (Crotch Lake) and 
Rio Algom Panel (Strike Lake) tailings areas. This condition was not as 
seripus at the operating mines where the tailings were neutralized with 
lime. Neutralization with lime, therefore, may be one solution to this 
problem, although the degree of neutralization and the location of lime 
addition should be examined further to ensure satisfactory pH levels at 
the point of discharge and in dow’nstream receiving waters . 



Another problem facing the mining operations is^the physical 

! 

containment of tailings which have been deposited into lakes, natural 
depressions in the terrain and impoundment basins enclosed by dams. 

In the past, difficulties have been encountered vdth wind erosion of 
surface tailings, grossly polluted seepages and actual physical breakage 
of dam structures.' possible solutions to these problems include 
chemical or vegetative stabilization of the tailings area surfaces and 
Improved construction^and maintenance of the impoundment structures 

a t~CS ^ Of- c fn.. / /'fc w <7 f --^ 7 " r^Cti S ^ 

Legislation is ipiminent which will make it mandatory for mining companies 
to stabilize abandoned tailings areas ^ 

1 

,vl.3 Environmental Studies 

y ■ ■■■ ' ■ ' ' ■ ■■ - T 

(a) Radiological Water Quality 

The entire Serpent River watershed downstream from Stollery 
Lake to Serpent Harbour has been seriously polluted by the 
wastes from the uranium mining and milling industry. The most 
significant impairment in the radiological quality of the watershed 
' was the increase in Ra-226 concentrations which exceeded the 
background level by factors of 50 to 200 in some cf the lakes in the 










Pecx>rs and Quirk / i. k/ sub- basins which are located near the mining 
activity. The levels decreased almost linearly with distance 
downstream (Figure 3) but still remained at 8 to 10 times background 
at Setpent Harbour. In the Elliot Lake sub-basin, the Ra-226 levels 
were 8 to 10 times the background concentration, with the exception 
of Nordic Lake v.'here they were 30 to 40 times background level. 

Similar increases were noted in dissolved and suspended 
alpha and beta activities, although compared to background, the 
increases in the dissolved form were more significant. The varia- 
tions of the dissolved gross alpha arid beta activities with distance 
are^^shown^n^Figure^ 

The highest uranium- 2 38 (U-238) levels were found in the 
stream below Stanrock tailings area where the concentrations 

A 

ranged from about 500 to 1,000 micrograms per litre. In all other 
areas, the U-238 levels were much lower and decreased to less 
than 10 micrograms per litre downstream from Pecors Lake. 

The main changes in the radiological quality of the Serpent 
River basin during the study period were 20 to 25 per cent reduc- 
tions in Ra-226 levels in the major lakes upstream from McCarthy 
—Lake. -These decreases are attributed to the removal of Ra-226 
' with barium chloride at the operating mines, re-use of process 
water, elimination of direct discharge of mine water into lakes. 



general decrease in mining activity, as well as increased dilution 
due to heavy precipitation during the 1967 water year. Despite 
these improvements, the Ra-226 levels in these lakes still re- ' 
mained at 50 to 150 times the background concentration and 5 to 
15 times the OWRC drinking water 

(b) Chemical Water Quality 

The main impairment 

in the chemical quality of waters in the Serpent River basin wete 
8 to 15 fold increase^ over background levels in dissolved solids, 
sulphates, hardness and nitrogen • 

General improvement of these parameters was noted with increasing 
distance from the sources of pollution as shown on Figures 6,7,8 
and 9 . 

/ 

As with radiological contamination, Nordic Lake and the 
Pecors and Quirke Lake sub- basins were most seriously damaged 
in terms of both the overall chemical quality and pH depression. 

In the Lower Serpent River basin downstream from McCarthy Lake, 
the overall chemical quality improved due to additional dilution, 
but at Serpent Harbour the levels of dissolved solids, sujphates 
still remained at 3 to 4 times background concentrations. The pH 
in. the lower section was only slightly lower than background and 




remained relativ ' [orm throughout the survey period. 

The most ificant improvementswhich occurred during the 
study period were a 40 to 50 per cent decreaseiin dissolved 
solids, sulphates and hardness levels of the lakes in the Pecors 
Lake sub- basin. Similar changes, although of a lower magnitude, 
occurred in the Elliot Lake sub- basin and Lower Serpent River. 
These improvements are attributed mainly to the increased di- 
lution provided by the heavy precipitation during the 1967 water 
year. 

The overall quality of Quirke Lake deteriorated slightly 
as a result of increased waste input from the Bud Lake tailings 
area after the reactivation of operations at Quirke Mine. 

The pH levels in those lakes affected by the mine wastes 

/ 

upstream from McCarthy Lake, except in Esten and Depot lakes 
which remained constant, continued to decrease although the 
wastes from the operating mines were neutralized. The continuing 
pH reduction in the lakes below active mining operations is partly 
attributable to the large size of the receiving waters and it may 
take several years before the effects of neutralization can be 
measured. It is also possible that the present method of neutraliz- 
ation. of the tailings effluents alone will have little effect on the 



receiving waters. .ional treatment such as, sulphic^e removal 

and higher degree o ' o;-utralization, neutralization of the lakes 
themselves, addition of organic matter to the lakes and other 
methods may be required for correction of the pH problem in this 
watershed. 

In future the overall chemical quality of waters in the Serpent 
River Basin will be dependent on the waste input from the mining 
industry. Under present treatment methods, the condition of 
lakes below active mining operation is expected to deteriorate 
further as evidenced by the decreasing pH levels and further 
impairment of Quirke Lake. If the abandoned tailings areas are 
left unchecked, uncontrolled releases of pollutant materials will con- 
tinue accompanned by continuing depression of pH in the lakes 
below the Bbiindoned tailings areas. • It is, there- 

fore, imperative that improved treatment, measures be taken im- 
mediately by the mining industry to control the quality and 
quantity of waste discharges from both abandoned and active tailings 
areas. 

(c) Sediments 

Significant increases over background levels of Ra-226, 
gross alpha and beta activities were found in the bottom sediments 



TABI.E 2 



a) 



WASTE LOADINGS IN THE SERPENT RIVER BASIN 

- G 

Radiological- Expressed as Microcurie s/day 
( ) Figures in brackets indicate per cent of total loading 



Source 


Year 


Ra-226 




Gross 

Alpha 




Gross 

Beta 




Denison 


1966-67 


1,930 




14,400 




26,600 




(Long Lake) 


1967-68 


1,760 




11,600 




18,400 






1968-69 


2,870 




10,100 




12,500 




Average 




2,200 


(25) 


12,000 


(23) 


19,000 


(34) 


Rio Algom 


1966-67 


204 




2,280 




4,310 




Nordic 


1967-68 


206 




/ 




3,800 






1968-69 


170 




3,350 




4,300 




Average 




190 


(2) 


2,100 


(4) 


4,100 


(7) 


Rio Algom 


1966-67 


580 




2,440 




2,100 




Quirke 


1967-68 


190 














1968-69 


240 




1,410 




2,000 




Average 




340 


(4) 


1,925 


(4) 


2,050 


(4) 


Rio Algom 


1966-67 


220 




. 790 




670 




Pronto 


1967-68 


210 




780 




940 






1968-69 


240 




1,380 




1,220 




Average 




220 


(2) 


980 


(2) 


940 


(2) 


Rio Algom 


1966-67 


395 




2,800 




3,900 




Panel 


1967-68 


536 




1,500 




2,700 






1968-69 


476 




1,500 




3,900 




Average 




470 


(5) 


1,900 


(4) 


3,300 


(6) 


Rio Algom 


3-Year 














(Crotch Lake) 


Average 


4,800 


(56) 


11,600 


(23) 


12,400 


(22) 


Stanrock* 


19e6-69 


200 


(3) 


18,500 


(37) 


12,000 


(22) 


Sherrlff Cro 


1965-67 


250 




1,500 




1,590 




Spill 


1967-68 


‘ 82 




540 




460 






1968-69 


310 




1,640 




1,710 




Average 




214 


(3) 


1,200 


(3) 


1,250 


(2) 



TABLE 2 (conf d) 






b) Chemical - t sed as Pounds/day 



( ) Figures, j .ckets indicate per cent of total loading 

C,-* 



^ S V 

Source ' f 


Dies , 
So lie' r; 


Total 

Nitrogen 


Sulphates 


Iron Mn 


Cl 


Denison 


112,000 


6,200 


57,800 


280 72 


2,450 


(Long Lake) 


96,000 


3,200 


54,600 


267 38 


2,108 




120,000 


6,400 


68,000 


265 105 


3,420 


Average 


109,000 (31) 


5,300 (59) 


60,000 (31) 


270 (5.3) 72 (21) 


2,657 (24) 


Rio Algom 


85,000 


1,400 


45,000 


23 89 


2,240 


Nordic 


95,000 


1,170 


52,000 


32 28 


2,400 




46,000 


390 


28,000 


59 ^ 33 


1,470 


Average 


75,000 (21) 


1,000 (11) 


42,000 (22) 


33 (1) 50 (15) 


2,033 (19) 


Rio Algom 


8,600 


42 


3,700 


96 19 


190 


Quirke 


4,200 


21 


2,200 


14 4 


100 




65,000 


1,400 


40,000 


170 14 


450 


Average 


65,000 (19) 


1,400 (15) 


40,000 (21) 


170(3.5)12 


247 (2) 


Rio Algom 


10,100 


25 


4,700 


73 12 


590 


Pronto 


11,600 


34 


5,400 


93 11 


670 




13,200 


46 


6,900 


60 11 


830 


Average 


11,600 (3) 


35(0.5) 


5,700 (3) 


77 (1.4) 11 (3) 


697 (6) 


Rio Algom 


22,500 


280 


7,800 


400 47 


1,500 


Panel 


14,500 


190 


5,700 


290 29 


885 




21,000 


310 


11,900 


340 84 


440 


Average 


19,300 (6) 


210 (2) 


8,500 (4) 


340 (7) 53 (16) 


942 (9) 


Rio Algom 


31,000 (9) 


220 (2) 


17,200 (9) 


230 (4.5) 86 (26) 


412 (4) 



(Crotch Lake) 

Stanrock 32,000 (9) 1,000 (11) 18,000 (9) 4,000 (77) 31 (9) 3,570 (33) 

Sherrif 5,800 57 2,300 18 18 330 

Spill 1,300' 10 600 7 6 100 

9,000 73 4,100 38 38 670 

5,400 (2) 40 (0,5) 2,500 (1) 2l(o3) 21 (6) 367 (3) 



Average 




- 



of the lakes ai. ,s downstream frora the uranium mining 

.operations. lu , the levels decreased with increasing 

distance from ti s (Figure 10) and were limited to the top few 

centimeter's of ti cm sediments. Below this top layer, 

the levels decie.. . to those found in the- 

where the radio city levels did not vary with depth of sedi- 
ment. This pattc: i indicates that the background radioactivity 
In the contaminated lakes was similar to the control lake, and, 

C-> 

therefore, the increases were caused solely by the waste,. 

• * ■ V A J . 

. dlscharg*es from the mining operations. 

/ * ' 

d) Biological Condition 

The v/ater quality deterioration caused by the wastes from the 
uranium mining industry has seriously damaged the biological condition^ ' . 
of the Serpent River watershed. The main biologicej impairment was the 





sharp reduction in the capacity of the lakes to support aquatic life. 

For example, the primary trophic levels showed that the production 
of food was drastically retarded for at least a portion of the annual 
life cycle within the lakes in the Quirke and Pecors lake sub- basin 
and part of McCarthy Lake. This reduction has seriously affected 
fish populations whose abundance, species variety, conditions and 
reproduction potential have been seriously retarded especially in 
Quirke, Whiskey and Pecors lake where, for instance, the walleye 
fishery has disappeared. 

Analyses of the diversity of stream dwelling invertebrates 
indicated that the ecology of the streams had been seriously disturbed. 
The most critical effects were noted in areas proximinal to the tailings 
overflows and in streams in Quirke and Pecors Lake sub- basins. 

Significant quantities of radioisotopes have been concentrated 
by the aquatic organisms. In general, the degree of accumulation varied 
directly with the concentration or radionuclides in the water but was 
different for each segment of the biota. However, no apparent detri- 

-9 

mental effects of the accumulated radioactivity on the biota were 
detectable. Although some radioactivity was absorbed by fish, con- 
sumption of fish flesh to present public health 



hazard. 




2 



Bancr oft Crowe River - Eels Creek Basin 

2.1 Uses 

The area is . -.tensively used for swimming, boating and 
fishing b 7 local residents and tourists. Local surface waters are 
used for industrial purposes only by the mining operations and by 
York River Industries Ltd^ 

There are only two drinking water sources which fail to meet 
OWRC Drinking Water Objectives for Ra-226. In this area, as in 
Elliot Lake, the total intake of Ra-226 is believed to be within 

-j-Wif s tjL 0 £ I a t p do t r. I c o 

acceptable levels. Hov/ever, the Ontario Department of Health 

b«. 

shoulc^ continueitheir- surveiilance,-pmgra.ms to ensure that the 
total intake of radioactivity is acceptable te* ' 

^ ■'’it- 

2.2. Mill Surveys 

All mills were inactive in the Bancroft area during the survey 
period with the exception of some underground development carried 
out on the Faraday property. 

The low pH conditions which were prevalent in the Elliot Lake 
tailings areas were not encountered in Bancroft. This is believed to 
be due to lower concentrations of sulphides in the Bancroft ores. 

Based on this, the feasibility of sulphide removal at Elliot lake should 




be examined as i i.Uon to the pH problem. 

The main p.- idem in the Bancroft area, at the present time, is 
the questionable stability of the dams at the Bicroft tailings area. 

This area is presently covered With water due to blockage of the 
decant structure. If the water level is allowed to rise, uncontrolled 
overflow could occur possibly causing collapse of the dam. The 
dams at Dyno and Faraday tailings areas appear to be stable; how- 
ever, the capacity of the latter area is limited and it should be ex- 
panded if the mine resumes operation. 

2 . 3 Environmental Studies 

(a) Radiological Water Quality 

Water quality impairment in the Bancroft area was less 
severe than in Elliot Lake. The Ra-226 levels were only slightly 
higher than. the 3, pCi/1 drinking water , in Bow Lake, 

(5 pCi/1), Farrel Creek, (12 pCi/1), Deer Creek, (3.5 pCi/1) 
and Inlet Bay of Paudash Lake, (4 pCi/l). However, these values 
decreased below 3 pCi/1 within a short distance downstream. The 
levels in Paudash and Eels lakes averaged 1 and 0.5 pCi/1 respectively, 
and are, therefore, well within the drinking water standards. 

(b) Chemical Water Quality 

Alterations in chemical quality were also limited to the 




immediate recei iters. The greatest changes were noted in Bow 

! 

Lake where diss: solids, sulphates and hardness showed an 8 to 

10 fold increase o c the background levels. In Paudash and Eels 
lakes, the changes were about 1.5 times the background levels. 

Slight improvement occurred during the survey period in the condition 
of Bow Lake where dissolved solids , hardness and sulphates de- 
creased from 600, 380 and 310 mg/1 in 1966-67 to 500, 310 and 
230 mg/1 in 1968-69 respectively. Similar improvement^ although of 
lower magnitude^were also noted in Crowe River downstream 
from Bow Lake. The low pH problem which was present in the lakes 
in the Serpent River watershed was not present in the Bancroft area. 
Here, the pH'^sampled during this survey. The reason for this is 
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believed to be the higher buffering capacity .of the waters 
• lower sulphide content in the ores. 

In future, the chemical quality of waters in the proximity 
of the tailings areas will be dependent on the activity of the 
uranium mines. If the mines were to resume operation further impairment 
is expected unless better treatment methods are developed for con- 
trolling the discharge of chemical contaminants from the mining 
operations. 



(c) Sediments 



Sediments in the lakes and streams receiving mine wastes 




in the Bancroft c ^wed .increases in radioactivity over back- 
ground levels. I area, as in the Elliot Lake area, the increased 

radioactivity was 1. ited to the surface layer only and decreased 
with increasing distance from the mines „ 

(d) Biological Conditions 

In the Bancroft area impairment of the aquatic biota was 
restricted to waters adjacent to the tailings decant zones. Little 
effect was noted in the Crowe River and Eels Creek proper. 

The accumulation of radionuclides on the biota were similar 



to those in the Elliot Lake area 




v3. W(' lity Standards 

Water qu. :andards were prepared for the Elliot Lake and 

Bancroft areas (T^ ) on the basis of the findings of this study arid 

with reference to th . report Guidelines and Criteria for Water Quality 

/p\ 

Management in Ontario. These standards will provide adequate pro- 
tection for aquatic life and will ensure satisfactory water quality for 
domestic, industrial and recreational uses of the waters. 

It is recognised that come of the specific concentrations for 
chemical water quality parameters will not be met under the existing 
waste treatment practices since correction of one parameter may 
violate other parameters; for ejample, addition of lime for improving 
the low pH conditions will increase dissolved solids concentrations. 
However, the low pH is considered to be the most serious impairment 
in the chemical quality responsible for the reduction of aquatic biota 
of the Serpent River basin and this problem should, therefore, be 

■V ' ■ 

corrected as quickly as possible even at the cost of ' 







RECOMMENDATIONS > 

»» 

In order , rcome problems created by past mining activity 

and to prevent a umal problems from present and future operations, 
it is recommended mat; 
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5. 
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1 . ^he Ontario Department of Healtl^continuel 
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to ensure tlpt the total 

intake of radioactivity'ljy the resident^does not lead to 
radiation doses in excess of acceptable limits. 

The mines a§ a co-opprative industrial study group investigate 

* i ‘‘ ' , ' 

to d^terminj| if ^nyo^e dependent on the watejj's for a livelihood 

/ /' ^ I \ ' / 

ha^^en a/fected apd, if so, compensate thdse affected. 

The mining^companies control and monitor the quantity and 

quality of their waste discharges to improve the conditions 

of the polluted lakes in the Serpent River basin to the level 

of the water quality standards presented in Table 3. 

< 

The mining operations in the Elliot Lake area examine the feas- 

■ 

ibility of sulphide removal as absolution to the low pH problem. 
All mining companies using barium chloride treatment for 
radium removal ensure that the toxic precipitates resulting 
from this process are not released to the environment during 
and after the operation of the mines. 

All mining companies ensure that the methods used in contain- 












ment of U 



as erosioii 



mines . 



will pjeverrf seepage and^dam failures as well 
urface tailings during and after the operation of 



Inasmuch as tailings areas pose a long term hazard to the 
environment, legislation be enacted ‘ mining 

companies i responsible for waste disposal t after 
active mining has ceased. 

Further use of lakes for disposal of mine waste be discon- 
tinued i _ 



9 , No new uranium milling facilities be permitted which in any 

lP 

way fail to meetathe^ standards established in this report, 

’ \ 

during after, active operation. ) 

10. The radiological, chemical and biological qualities of both 
areas be monitored on a continuing basis. 



B. SPECIFIC 

/ 

1. As an Immediate remedial measure the pH of all waste dis- 
charges be raised to nine to overcome the pH depression in 
the receiving waters. 

2. Stanrock Uranium Mines Ltd. 

a) divert all seepage to a central location for 
treatment prior to discharge to the Pecors 
Lake system. 




J. 
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3. 



4. 
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b) determine the stability of the dam structures 
and implement the necessary corrections to 

Denison Mines Limited ( the seepage from the Williams 

Lake tailings area. 



Rio Algom Mines Limited, Pronto Division, ensure satisfactory 

levels in th^ailings effluen^after cessation o^^operation . 

Macassa Gold Mines Limited, Bi croft Division repair the 

decant structure in the Auger Lake tailings area, 

/ — ^ i St ‘ ® ^ 
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